This paper relates to the magnitude of the DC transient component and that of the AC fundamental component contained in line current caused by power system faults. The condition that the former could exceed the latter can be expressed graphically by the region inside the circles on the plane with P-Q coordinates where P-Q corresponds to power flow in the line before fault occurrence.
It is known that the currents in a transmission line could shift completely to one side of the zero line, i. e., do not pass zero, for several cycles or sometimes for several tens of cycles, after a fault occurrence in the power system. This phenomenon is called "current displacement" or "zero passing missing". On the other hand, AC circuit breakers can only interrupt a circuit at a moment the current passes throug t zero during the period with their quenching capacity after their contacts part. With respect to such circumstances, investigations on the current displacement have been conducted over many years, and the results have been reported mainly from European countries' 0-0'
The typical wave form of the current is shown in Europe and the U. S., the effects of preloading were considered only in a three-phase fault and not in unbalanced faults"''`. Consequently, a three-phase fault with leading power factor loading was concluded to result in the most severe current displacement.
Current displacement has been receiving much atten tion recently in Japan, and results of the studies have been reported successively(')-~10'. Fujiwara pointed out that severe current displacement could occur in the lagging phase of faulted phases during line-to-line fault, taking the preloading condition into account(). One of the authors showed that the condition of occur rence in the above-mentioned item (b) can be expres sed inside the circles on the plane with P-Q coordinates when the preloading condition is expressed in terms of active power P and reactive power Q. Let us consider the three-phase model power system tem as shown in Fig. 2 , where the following assump tions are adopted for simplicity. The above equations are expressed in p. u. where the crest value of the rated current is chosen as a base current to remove the coefficient of / usually obser ved in the equations. Current changes in the transmis sion line upon various single faults are expressed by the following equations where the DC transient compo nents are contained since the currents in inductive circuits do not change suddenly.
The region to satisfy Eq. (5) is expressed by inside the circles on the plane with P-Q coordinate where their center locations and radii are given by Eq. (6 ).
As seen from Eq. (4 ), the maximum DC displace ment would not occur in phase a, b, and c simul taneously.
Line Currents in High Voltage Side (1)
Three-phase fault In the case of a three phase fault, a and ~6-networks are shorted at the fault point. Then the coefficients in Eq. (2) The condition that the magnitude of the DC compo nent current exceeds that of the AC component current is expressed by the region inside the circle shown in There fore, the severity of current displacement is easy to understand visibly by the distance from point N to the circle. Fig. 3 shows that the current displacement could be severe in case of leading power factor load ing, though it is quite obvious. Replacing K, H, and L in Eq. (9) by 1-K, -H, and -L, respectively, it can be applied to express the condition for the receiving side (right-hand side of the fault point F). The corresponding circles are shown in Fig. 6 . In the system with a delta-wye connected transformer, as shown in Fig. 2 , the zero-network is terminated by a transformer short circuit reactance. Then Ka could be much greater than K if the fault occurs near the high voltage side of the transformer. In this case, a severe current displacement would occur in the unfaulted phase, especially in phase c in the lagging power factor operation. The most severe current displace ment could occur at a lagging power factor of /3/2 as found in Fig. 6. Fig. 7 shows an example of the wave form of the current in phase c as calculated by EMTP"'.
In case of an unbalanced ground fault, it was consid ered that the current displacement would be not severe The corresponding circles are shown in Fig. 9 . If Ko is larger than K, the current displacement could be observed on the lagging power factor operation in the unfaulted phase (phase a)
Line Current in Low Voltage Side
Analysis of current (I) in the low voltage side is required for current interruption by means of a genera tor breaker. The existence of a delta-wye connected transformer makes the wave form of line currents in both sides different. The relations of the Clarke com ponent currents in both sides of the transformer are (1) Three-phase fault Although the phase angle 0 which results in maximum DC displacement is different in both sides of the transformer, the current wave form with the maximum DC displacement is the same in both sides. Therefore, the condition shown in Fig. 3 can be used in this case . The corresponding circles are shown in Fig. 10 . The circle for phase A is the same as that for the three phase fault. The radii of the circles for phases B and C are 1/ of those shown in Fig. 4 . This shows that the current displacement could be less severe than in the high voltage side. in Japan. Let's study the current displacement in such networks. Fig. 13 shows a model system studied.
Applying a delta-wye transformation to the network between points G and S, the equivalent circuits for a, 9, and zero-networks are shown in Fig. 14 , where reactance of one transmission line in a and zero networks and mutual reactance in zero-network are set to be 2X1, 2X1,, and 2X,,,,, respectively. It should noted that X,o and X5, in Fig. 14 contain'mutual reactance in zero-network. 2) can be obtained similarly.
Line Current in High Voltage Side
The fault current flows into each line of the double circuit line as seen in Fig. 15 , and its distribution is expressed by the following equations. The corresponding circles are shown in Fig. 11 . As is well known, a fault current would not flow into phase A. The circles for phases B and C are found to be considerably smaller than those shown in Fig. 6 , which correspond to the high voltage side. K., the distribution ratio in the zero-network, does not affect the wave form of the fault currents in the low voltage side. Then the corresponding circles are shown in Fig. 12 . The circle for phase A is the same as that for the three-phase fault. The circles shown in Fig. 12 are smaller than those shown in Fig. 9 . However it is not a serious problem since an interruption of the circuit breaker of unfaulted circuit line is not required.
Comparing Eqs. (9) and (24), it is easy to find that reactance X, seen from point F in Fig. 2 , is replaced by reactance X+Xf, seen from point F in Fig. 14 , which is equivalent to the replacement of Y by Y', and the distribution ratio K is replaced by K;. 
Line Current in Low Voltage Side
The currents in the low voltage side are total cur rents in the double-circuit line (see Fig. 12 ). The transformation of the current through the delta-wye connected transformer is the same in both networks with single-circuit and double-circuit lines. The difference in these two networks is the existence of an equivalent series reactance at the fault point in the latter. Thus, by replacing X and Xo in the equations in section 2.2 by X+Xf and Xo+Xfo, respectively, these equations can be used in this section, and no replacement of the distribution ratio is required. The circle diagrams in Fig. 3, 10 , 11, and 12, which show the region of occurrence of current displacement in the single-circuit network, can be used in this-section for corresponding faults by applying the above-mentioned modifications. Therefore, the shapes of the circle diagram applicable to both networks are quite similar.
In this case, the summation of the power flow in the two circuit lines before a fault occurrence is used to represent the preloading condition.
In this paper the authors proposed a simple method to show graphically the relation between the magni.
tude of the DC transient component current and that of the AC fundamental component currents just after fault occurrence. Namely, the condition that the for mer exceeds the latter can be expressed inside the circle on the plane with P-Q coordinates for various faults. The results are summarized as follows :
(a) The current displacement greatly depends on the preloading condition and type of fault.
(b)
A large current displacement could occur in the lagging phase of faulted phases upon a line-to-line fault.
(c)
In case of a ground fault, the current displace ment could be severe in the unfaulted phase even in a lagging power factor operation, depending on the system configuration and location of the fault.
(d)
In the low voltage side of a delta-wye con nected transformer, it is less severe than that in the high voltage side.
(e)
In the system with a double-circuit line, it is more severe in faulted phases and less severe in un faulted phases than the cases in the system with a single-circuit line.
The duration of the current displacement greatly depends on the decay of both DC and AC component currents, and a simulation study is required for exact calculation.
The study results proposed by this paper can be used to select the case to be checked by simula tion.
Two subjects concerning the effect of change in the power system configuration after a fault occurrence are required to be studied. One is the sequential fault on which one of the authors reported already"". The other is the sequential tripping of the circuit breaker and is still left as future study though some papers were presentedpresented (14)(5) 
